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North American railroads are experiencing rapid growth in traffic
demand and increasingly need to expand capacity to accommodate it.
Efficient planning of new capacity requires under standing how the mix-
ture of traffic interactsto affect capacity. Different train types can have
substantially different operating characteristics, including maximum
speed, power -to-ton ratio, and dispatching priority. Heter ogeneity in the
mix of characteristics of different train types creates greater delaysthan
arecreated if traffic ishomogeneous. Train dispatching smulation soft-
warewasused to analyzetheeffect of variouscombinationsof intermodal,
unit, manifest, and passenger trainson a hypothetical, signalized, single-
track linewith characteristicstypical of a North American railroad sub-
division. Analysesincluded the influence on delay by varioustraffic and
train characteristics. Ashasbeen shown by previousinvestigators, hetero-
geneity increasesdelay, but different typesof heter ogeneity had differing
effects, which hasimplicationsfor capacity planning. Thispaper attempts
to provide a better understanding of the impacts of various aspects of
train type heterogeneity to enable mor e effective planning and efficient
rail operations. Theresults also suggest certain operating strategies that
may reduce the delays caused by train type heter ogeneity.

North American freight railroads are experiencing rapid growth in
demand for their services and areincreasingly experiencing capacity
constraints. Between 2000 and 2006 the revenue ton-miles of U.S.
railroads increased by more than 21% (1) and long-term growth is
expected to continue. AASHTO predicts that the demand for freight
rail serviceswill increase 84% based on ton-miles by 2035 (2), creat-
ing the need to add moretrains, increase their capacity, or both. Mean-
while Amtrak, VIA Rail, and commuter rail operationsare expanding,
placing further demand on therail network. Thisgrowth, coupled with
increased profitability since deregulation in 1980, has led to consid-
erableinvestment in renewal and expansion of railroad infrastructure
(3, 4); however, these investments are capital intensive. Efficient
planning and financing of new capacity to meet demand requires
understanding how expanded operations affect capacity (5).

A key factor that affectsrail capacity istheinteraction of different
traintypes. Heterogeneity in train characteristics causes greater delays
than corresponding homogeneity in train characteristics would. In
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North America, intermodal, manifest, unit, and local trains may all
sharetrackage. Somelinesalso haveintercity passenger trains, and in
metropolitan regions, commuter trains. Each of these train types can
have considerably different characteristics, and eventrainsof the same
classmay havevarying weights and lengths. This heterogeneity hasa
substantial effect onrail line capacity (6, 7).

Previous work has investigated some of the factors and effects of
heterogeneous traffic on European and North American networks.
Vromanset al. (8) studied the Dutch rail network and the heterogene-
ity of its various passenger services in order to homogenize the
timetable to increase reliability. Landex et a. (9) aso analyzed the
Dutch rail system, but focused on the importance of line segment
lengthin determining capacity with heterogeneoustraffic. Abril et a.
(10) conducted a comprehensive capacity study using Spanish rail
lines. They considered trains operating at two speeds, “normal” and
50% of normal, on single- and double-track lines.

Others have looked at the impact of heterogeneity on the North
American network. Bronzini and Clarke (11) used a single-track
simulation model to compare the delay—volume curves of different
mixtures of intermodal and unit trains. Harrod (12) modeled traffic
using mathematical integer programming. He considered the dif-
fering impact of faster and slower nonconforming trains and found
that the slower the nonconforming train, the greater the impact on
the network. Gorman (13) used actual traffic data from Burlington
Northern Santa Fe in an attempt to statistically estimate delay. He
found that the most useful measures of train speed heterogeneity for
predicting congestion delay are meets, passes, and overtakes. Inthis
paper the authors describe research in which simulation modeling
was used to extend thiswork by considering heterogeneity in several
different parameters believed to affect capacity.

Dispatching simulation software was used to conduct quantitative
analyses of the impact of heterogeneity among the principal train
types operated on the North American railroad network. The authors
evaluated the effects of various combinations of three different types
of freight trainsand onetype of passenger train with different percent-
ages of each train type on asignaized, single-track route. Delay was
used asthe principal metric to assessimpact on capacity under differ-
ent scenarios. The objective of this work is to provide insight into
which aspects of traffic heterogeneity have the greatest impact on
delay and develop apreliminary assessment of the potential economic
impact on atypical rail line.

METHODOLOGY

Thereareavariety of factorsthat influencerail capacity and different
metrics to measure it. Both operating and infrastructure characteris-
ticsinfluence capacity. Major factorsinclude average and variability
in operating speed, traffic volume, stability, terminal efficiency, and
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heterogeneity in varioustrain characteristics. Thesefactorsareinter-
related with, and further influenced by, infrastructure characteristics
such as siding length and spacing, crossover spacing, number of
tracks, signal and traffic control system, grade, and curvature. Con-
sequently it can be difficult to precisely determine the available
capacity of aparticular route, and therewill often not beasingle cor-
rect answer. Further complicating matters, there are also a number
of measures used to calculate capacity. Each of these metricsis
useful for looking at a different aspect of railroad operations, but
they are not easily convertible among each other. These measures
include velocity, volume, tonnage, and delay.

In this paper the authors focus on the effect of heterogeneity in
train characteristics on capacity and use average delay of all traffic
on aline as the principal metric of comparison. Delay is defined as
the difference between the minimum run time, or unopposed running
time, and the actual run timeto traverse the route, including thetime
spent stopped for meets and passes, along with the time for braking
and to accelerate from stops. There has been some discussion about
the use of delay as ametric of capacity (14). However, for the types
of comparisons and circumstances addressed in this study, delay isa
generally satisfactory measure and is used throughout this paper.

Dispatch Simulation Software:
Rail Traffic Controller

The authors used Rail Traffic Controller (RTC) from Berkeley Sim-
ulation Software for the analyses. RTC is a sophisticated software
program designed to redlistically simulate both freight and passenger
operations over arailroad network (15, 16). Using infrastructure and
traffic inputs specified by the user, the software resolves multitrain
conflictsinthe same manner asan actual railroad dispatcher. RTC was
used becauseitsflexibility permitsrapid evaluation of avariety of dif-
ferent scenarios, and because of itswidespread acceptance and use by
the North American railroad industry.

Representative Rail Line

Specific characteristics of individud rail lines are unique, and route
characteristics influence the study of railroad operations. For this
research the authors developed a hypothetical rail line intended to
represent the characteristics of atypica North American single-track
mainline subdivision with the following attributes:

* 124 mi long;

* 10 mi between control points;

8,000-ft signaled sidings with #24 powered turnouts;
e 2.5-mi signal spacing;
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e Three-block, four-aspect signaling; and
* 0% grade and curvature.

Although the attributes are somewhat idealized, the purposeisto
provide a consistent basis for relative comparison of different sce-
narios of interest in this research under areasonably realistic set of
operating conditions. However, there is no intent to imply that the
results presented here represent absolute predictive measurements
for aparticular set of conditions.

IMPACT OF TRAIN TYPE HETEROGENEITY

Four different train types with characteristics corresponding to typ-
ical intermodal, unit, manifest, and passenger trains were used to
quantify the effects of heterogeneity. Thesetrain typesare also rea-
sonably representative of severa other types of trains operating on
the North American network. For example, auto trains will often
have similar characteristicsto intermodal trainsand unit grain trains
are similar to unit coal trains. Local switchers and commuter trains,
which have completely different characteristicsdueto their frequent
stops, were not included in thisanalysis.

The TRB Workshop on Railroad Capacity and Corridor Planning
in 2002 provided typical weights, lengths, and horsepower-to-
trailing-ton ratios for various train types. The authors used this
information as the principal basis for the physical characteristics of
thefour train types used in thisanalysis (Table 1). The nonphysical
characteristic of each train is the priority assigned to it by the dis-
patcher. When two trains meet, priority is one factor the dispatcher
will take under consideration when determining how to resolve the
conflict. Generally dispatcherswill try to minimize the total cost of
delay (15), meaning that the lower-value, lower-priority trains will
enter thesiding. By law, Amtrak passenger trainsareto be given pri-
ority over freight traffic (17). Therefore, these trainswere given the
highest priority in the simulations. Of the freight trains considered,
intermodal trains were assigned the highest priority, followed by
manifests, and unit trains were assigned the lowest.

What is important in these analyses are the characteristics these
trains represent, not the train types themselves. For example, inter-
modal trains represent freight trains with the highest maximum
speed, power-to-ton ratios, and dispatching priorities, whereas unit
trains represent those with the lowest speeds, power-to-ton ratios,
and dispatching priorities. For simplicity, the trainswill be referred
to by these names for the remainder of the paper.

Delay-Volume Relationship

Tounderstand the rel ationship between delay and volume better, the
authors first conducted simulations that provided baseline delay—

TABLE 1 Train Characteristics Used in Simulations

Intermodal Unit Manifest Passenger

90 cars 115 cars 70 cars 10 coaches

6,300 ft 6,325 ft 4,550 ft 850 ft

8,100 tons 16,445 tons 7,700 tons 610 tons

2.12 hp/trailing ton 0.78 hp/trailing ton 1.12 hp/trailing ton 6.96 hp/trailing ton

4 .SD70 4,300-hp 3SD70 4,300-hp 2 SD70 4,300-hp 1 P42-DC 4,250-hp
locomotives locomotives locomotives locomotive

Maximum speed: 70 mph

Maximum speed: 50 mph

Maximum speed: 60 mph

Maximum speed: 79 mph

NoTE: hp = horsepower.
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FIGURE 1 Delay-volume graph with trend lines.

volume results using homogeneous traffic consisting of each of the
freight trains considered in this study (Figure 1). Trains were sys-
tematically added in pairs and evenly spaced temporally in each
direction over a 24-h period.

Onasingle-track linethe effect of additional trainson delay isnot
linear. Instead, the relationship between train volume and delay is
exponential, with each train type and train mix (11, 18) having its
own particular functional relationship. These curves provide abase-
line for comparison of delay when there is a mixture of train types.
The threshold for service quality acceptability will vary among dif-
ferent operators or customers, so thereisno singlelevel of delay that
can be categorized as satisfactory. Consequentially, one cannot
necessarily infer capacity directly from these curves because greater
tolerance of delay will permit moretraffic to traversethe sameinfra-
structure. What is pertinent in the analysesisthe differencein delay
between these baseline conditions and the various experimental sce-
narios in which the heterogeneity of one or more of the parameters
of interest is altered.

Assessment of Train Type Heterogeneity

There is considerable heterogeneity in freight traffic in the North
American rail network. The percentage of different train types and
heterogeneity intrain characteristicsin termsof different maximum
speeds, power-to-ton ratios, and dispatching prioritiesall contribute
to cause additional delays as compared with homogeneous traffic.
To understand better the effect of each of these characteristics, the
authors ran a series of simulations with various traffic and train
configurations. For each configuration a series of 10 simulations
was performed with the departure time of each train randomized
over a 20-min interval, 10 min before or after the scheduled time
for that train.

With purely homogeneoustraffic, delaysare entirely dueto meets.
With heterogeneous traffic, delays are aso caused by conflicts that
occur asaresult of differencesin train characteristics, some of which
alsoincreasethe frequency and duration of meets. Additional sources
of delay with heterogeneous traffic include

* Train delayed by aslower train,
e Train delayed by atrain with slower acceleration,

* Trainsexperiencelonger meetswaiting for higher-priority trains,

e Train delayed waiting for another train to pass, and

* Trainsexperience more meetsdueto lower average speed, which
can be caused by lower speed, lower power, lower priority, or al three
factors.

At each traffic volume each type of train will experience different
delay depending on its characteristics. Each combination of traffic
volume and train type mix will have an associated amount of delay.
Asthetotal traffic and percentage of each train type changes, thedelay
dueto heterogeneity will a so change. Therefore, the authors used the
difference between the delay for the particular mixed traffic scenario,
compared with the hypothetical delay that would occur for the same
traffic mix in the absence of any of the heterogeneity-caused sources
of delay.

Impact of Traffic Characteristics
on Train Type Heterogeneity

Three parameters were tested to understand better their effect on
delay: volume, percentage of each train type, and the combination
of train types (Figure 2). Three pairwise combinations of freight
traintypesweretested: intermodal and manifest, intermodal and unit,
and manifest and unit. For each of these combinations, four traffic
volumes were considered: 28, 34, 40, and 46 trains per day. These
are theoretical volumes and are not intended to represent practical,
sustained operation. Therefore the results will be more characteris-
tic of the spacing between thetrainsthan the actual volume. The mix
of trainswas incrementally altered by varying theratio of each train
type. At each traffic volume level, the percentage of each train type
was varied from 0% to 100%. For all scenarios, theratios and traffic
pattern were the same for trains traveling in both directions.

Several trendswith respect to volume, percent heterogeneity, and
train types are evident. There was a strong correl ation between traf-
fic volume and extra delay due to heterogeneity. Astraffic volume
increased, the delay from heterogeneity increased exponentially
(Figure 2a). There aretwo consequences of increased volume on the
single track line that was simulated: more meets and shorter head-
ways. Both of these are magnified by the different characteristics of
the traffic.
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The percentage of different traintypesalso affectsdelay, with the
greatest delay occurring when heterogeneity is highest (33% to
66%) (Figure 2b). Thisresult was expected because there are more
opportunities for conflicts. The two groups with less heterogeneity
(thefirst and last thirds) both resulted in less delay than the middle
third; however, they differed from one another because of differences
in characteristics specific to train type.

The lagt traffic characteristic considered is the pairwise combina
tion of train types (Figure 2c). The particular typesof trainshad asig-
nificant impact on the amount of delay created by their interaction.
The combination with the greatest delay wasintermodal and unit. This
combination of trains had the largest difference in speeds, power-to-
tonratio, and priorities and resulted in more than three times as much
delay compared with the other two pairwise combinations.
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Impact of Train Characteristics
on Train Type Heterogeneity

Although the effects of volume, percent heterogeneity, and train
type were evident, the specific factors causing the increased delay
werelessclear. Further experimentswere conducted with additional
scenariosto investigate the sensitivity of delay to speed, power, and
priority in order to clarify theinfluence of these train characteristics
on delay. In these analyses, the authors used the scenario with the
greatest delay, the mix of intermodal and unit trains at 46 trains per
day, and then varied the specific characteristic to be tested.

Heterogeneity in Speed To test the influence of heterogeneous
speed on delay, the maximum speed of the intermodal traffic was
reduced from 70 mph, to 60 mph and 50 mph, whileall other param-
eters were held constant (Figure 3). This change reduced the speed
difference among thetrain types, thereby making them more homo-
geneous, and reduced delay. When trainstravel at different speeds,
both the faster and the slower trains may be delayed. Thefaster train
will be delayed when it overtakes a slower train and must slow to
maintain a safe headway until it reaches a siding and can pass. The
slower train will be delayed if it must enter a siding to wait for the
faster train to pass.

Homogeneous speedsthereforelead to fewer delayson al traffic.
However, when unit trains made up most of thetraffic, therewaslit-
tle change in the average speed of traffic, even when the maximum
allowable speed of intermodal trains was reduced. The slower
speeds of the unit trains prevented the faster intermodal trains from
ever reaching their top speed. Therefore, reducing their maximum
speed had little effect on the observed run time. Instead, the reduc-
tionin delay wasdueto achangein the baseline condition. Thereduc-
tion in maximum speed increased minimum run time; therefore, the
difference in delay between the homogeneous and heterogeneous
scenarios was al so reduced.

On single track, frequent meets at higher traffic volumes means
that trains may be unableto reach their top speed before braking for
another meet. Greater homogeneity in speed will reduce train delay
but may not have much effect if trains are already traveling at less
than maximum speed because of congestion, heterogeneity, or both.

Heterogeneity in Power-to-Ton Ratio To test the influence of
power-to-trailing-ton ratio, the effect of adding one locomative to
both intermodal and unit trains was analyzed (Figure 4). Increasing
the power on trains reduces the time lost accelerating after stops,
which has been found to be an important factor affecting delay (13).
In these simulations delay was reduced for both train types, but the
effect was greater for unit trains compared with intermodal. The
incremental effect of the extralocomotive in reducing this form of
heterogeneity was greater for the lower-powered unit trains. The
presence of the lower-powered trains and the capacity they use
while accelerating is the proximate cause of their impact on delay.

Heterogeneity in Priority The last characteristic considered was
the dispatching priority assigned to trains. Intermodal trains with
their higher-value merchandise and greater customer demand for
fast, reliable service are typically given higher priority by railroad
dispatchers. The baseline scenario in which intermodal trains were
always given higher priority was compared with one in which both
train types were given equal priority (Figure5). In the baseline sce-
nario there was a significant impact from the increased mix of traf-
fic, but when individual train type priorities were removed, there






aslittle delay dueto heterogeneity despite the other differencesin
train type characteristics. Dispatching priority appeared to have a
uch greater impact on delay than speed or power.

To investigate further the effect of priority on train type hetero-
geneity, the delay to each type of train was individually examined
(Rigure 6). When differential train priority was removed, the delay
toleach train typewas similar (Figure 6a). Theincreasein delay due
to|different priorities (Figure 5) is not the result of an increase in
deliay of all trains. Only thelower-priority, unit trains experience the
extra delay, with a minor decrease in delay for the higher-priority
intermodal trains (Figure 6b).

elay dueto priority isnot only dependent on the type of train but
also\the percentage of each train type. The increased delay of unit
trainsisgreatest whenthetrafficispredominately intermodal ; the few
unit trains experience an increase in delay of more than 500%. How-
ever, when the traffic is predominately unit trains, with a few inter-
modal trains, equalizing priorities permits a nearly 50% decrease in
delay. \Priority is given to decrease the delay and increase the service
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quality for the higher-valued freight. However, thisassignment of pri-
ority significantly increases the delay for the lower-priority traffic,
causing a higher average delay of traffic.

Cost of Heterogeneity

There are two basic types of cost due to heterogeneity: delay cost
and opportunity cost. Delay cost represents the additional locomo-
tivesand rolling stock that are needed dueto the delay, and the extra
fuel and labor costs that accrue. It is calculated by summing four
components: unproductive locomotive cost, unproductive rolling
stock cost, idling fuel cost, and crew cost (19). Thiscalculation pro-
vides an estimate of the cost for each hour atrain isin service. A
recent estimate of train delay cost was approximately $213 per train
hour (19), athough the authors have heard higher estimates from
railroads. With amixture of haf intermodal and half unit train traffic
at 46 trains per day, the cost of the extradelay dueto heterogeneity is
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estimated at more than $2.46 million per year for the hypothetical line
analyzed. Although this estimate is based on the particular charac-
teristicsand scenarios considered in this paper, it provides someidea
of the magnitude of the cost of heterogeneity.

Another way to consider thefinancial impact of heterogeneity isthe
opportunity cost that results from trains that cannot be operated. This
metric would apply in the case of lines operating at or near capacity.
Thetraffic volumes of heterogeneous traffic and homogeneoustraffic
at the same delay levels were compared, and the difference was con-
sidered the opportunity cost. With homogeneousintermodal traffic at
avolume of 46 trains per day, the total delay is 30 min per 100 train
miles. If thetrafficisan equal mix of intermodal and unit trains at the
same volume, delay increases 290%, to 87 min. At that delay leve, if
thetraffic were homogeneousintermodal trains, thetheoretical capac-
ity would be 76 intermodal trains per day. Thelost capacity isthere-
fore 30 intermodal trains, or using the same method, six unit trains.
Considered another way, if arailroad is currently operating 76 inter-
modal trains per day and wants to run 23 unit trains, 53 intermodal
trains must be removed to run them. For each unit train added, 2.3
intermodal trains must bereplaced. Thereisadirect trade-off for each
train of the different type added. Thistrade-off is greater when trains
are added that are not the same as the predominate type on aroute.

Effect of Passenger Trains
on Heterogeneity and Delay

So far the only heterogeneity considered is between different types
of freight trains. Adding passenger trainsto afreight-only line (or vice
versa) adds considerable new heterogeneity because the pertinent
characteristics of passenger trains are even more different than the
variations among freight trains. Passenger trains have higher maxi-
mum speeds, power-to-ton ratios, and dispatching priorities than
freight trains. This adds substantial heterogeneity to thetrain traffic
operating on aroute, creating even greater delays.

When passenger trains are added to aroute, they are typically an
additionto the freight traffic. Therefore, in these analyses, passenger
trains were added to base volumes of freight. The authors used base
freight train volumes of 32, 36, 40, and 44 trains per day composed
of amix of 80% manifest and 20% intermodal trains spaced evenly
throughout theday. Pairs of passenger trains, up to four in each direc-
tion, for atotal of eight, were added to this baseline freight traffic.
The schedule was adjusted to preserve even temporal spacing
between freight trains and the added passenger trains. The passenger
trains had no scheduled stops in the simulations. If stops were con-
sidered, the delayswould be greater, especialy if the stops occupied
the mainline.

To analyze the impact of passenger traffic on a predominately
freight traffic line, the delay of the freight and passenger trains were
considered separately (Figure 7). The delay to the passenger trainsis
unaffected by both traffic volume and the number of passenger trains
being operated. During ameet, the higher-priority trainislesslikely
to have to stop, meaning that independent of volume, the train will
have similar delays and only stop when it meets atrain of the same
priority. When the volume of these high-priority trainsisasmall per-
centage of the total, as with passenger traffic on a predominately
freight line, such meets are uncommon.

Thedelay of freight traffic isdependent on the volumeof trainsand
number of passenger trains being operated. The freight traffic has a
lower dispatching priority than passenger traffic. Therefore, when
passenger traffic is increased, freight trains will experience more
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meets and resulting delays. When multiple scenarios with the same
volume are compared, in every casethe scenario with the greater num-
ber of passenger trains has more delay. For instance, at the volume of
40 trains per day, three scenarios were considered: 40 freight trains
with zero passenger trains, 36 freight trainswith four passenger trains,
and 32 freight trains with eight passenger trains. The scenarios with
more passenger trainshave greater delays, even though thetotal num-
ber of trainson thelineisthe same. Additional passenger trains cause
greater delays than the same number of freight trains.

Thedelaysof freight traffic al so show anincremental effect of each
added passenger train. In general the effect of each pair of trainsis
linear, with the addition of the fourth pair of passenger trains causing
as much incrementa delay asthe first pair. If freight traffic is held
constant, each passenger train will meet the same number of freight
trains asthe other passenger trains, suggesting that when estimating
the delay of additional passenger traffic on aline, the delays created
by current passenger traffic will be similar to the incremental delay
created by the additional traffic.

DISCUSSION OF RESULTS

This assessment of heterogeneity providesinsight into itsimpact on
freight and passenger train traffic. A mixture of train types causes
more delay than a comparable number of trains of similar charac-
teristics. Consequently, disproportionally moretimeisrequired for
trains to traverse the route, reducing its capacity. A change in the
factorsthat influence heterogeneity canincrease or decreasethetraffic
delay. Understanding each of these factorsisnecessary for efficient
operations and planning.

The opportunity cost of each train is greatest when the train type
added is the minority of current traffic. When planners are consid-
ering additional traffic, the types of trains is as important as how
many when considering theimpact on capacity. VVolume should not
be the sole measure of capacity. Thiswork has shown even at acon-
stant volume, traffic can experience very different delays, depend-
ing on the type of trains. A route may be operating at capacity at a
variety of volumes, depending on the traffic mix.

Passenger trains are another source of heterogeneity on some
freight lines. When passenger trains, with their higher prioritiesand
speeds, are added to baseline freight schedul es, theimpact is greater
than if the same numbers of freight trains are added. This additional
effect needs to be considered when additional passenger trains are
proposed for aroute. These trains not only take up train slots that
would otherwise be used by freight, but create additional delay for
freight traffic as well.

Although traffic characteristics are difficult to change, the charac-
teristicsof thetrainsmay be moreflexible. Inthis paper, speed, power,
and priority were considered, and changing each of these could result
inreduced heterogeneity and consequent delay. Increased speeds may
not be feasible for sometrains; additional locomotiveswill generally
require additional capital and operating expense; and removing prior-
ities will incur some additional costs because of the increased travel
times of the highest-priority trains. The cost-effectiveness and accept-
ability of each of these changes should be analyzed and compared
with other options such asinfrastructure expansion when arailroad is
considering capacity expansion projects.

Finaly, it should be emphasized that the results here represent
general relationships based on idealized conditions on a hypotheti-
cal rail line. Assuch, they areintended to provideinsight on therel-
ative importance of different factors thought to affect delay, not
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scenario).

absolute measures of capacity under the conditions described. Spe-
cificinformation about a particular infrastructure configuration and
mixture of traffic would require a detailed study using appropriate
data specific to the conditions being studied. The methods described
in this paper could be adapted for such an analysis, and this work
provides insight regarding what type of information is needed and
likely to be important in such a study.

CONCLUSIONS

There isincreasing demand for both freight and passenger rail trans-
port in North America, and considerable capital is being invested in
new infrastructure. Investing this capital efficiently requires under-
standing the different operational characteristics of the intended
traffic. The authors performed analyses using dispatch simulation

software to determine the impacts and causes of heterogeneity with
freight and passenger traffic. The scenarios involved varying combi-
nations of three different typesof freight train and one passenger train.
The train characteristics of speed, power-to-ton ratio, and priority
were considered for their effect on delay and capacity, with priority
appearing to have the greatest effect. Each contributed differently to
train type heterogeneity, and future work will consider the magnitude
of each of these factorsin more detail.
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